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Objectives: Duplex ultrasonography assessment of superficial forearm veins is frequently used before a hemodialysis
arteriovenous fistula (AVF) is created. There is, however, no standardized preoperative duplex ultrasonography protocol.
This study assessed B-mode image analysis reproducibility and reproducibility of repeated forearm superficial venous
diameter measurements on different days at different venous congestion pressures (VCPs).
Methods: Diameters were determined using B-mode ultrasonography in 10 healthy male volunteers on days 1 and 14 at
incremental VCP values (10 to 80 mm Hg). Intra- and interobserver agreement was assessed for B-mode image analysis
by calculating interclass correlation coefficients (ICC). Reproducibility of repeated diameter measurements (maximum
and minimum diameter at days 1 and 14), cross-sectional area size increase, and shape change due to incremental VCPs
were determined by calculating ICC values.
Results: Analysis of intraobserver agreement of B-mode image interpretation yielded ICC values of 0.97 (95% confidence
interval [CI], 0.94 to 0.99) and 0.97 (95% CI, 0.96 to 0.99) for determination of maximum and minimum diameters,
respectively. Interobserver agreement analysis yielded ICC values of 0.95 (95% CI, 0.92 to 0.97) and 0.96 (95% CI, 0.96
to 0.99) for determination of maximum and minimum diameters, respectively. Reproducibility of repeated diameter
measurements on days 1 and 14 improved substantially at incremental VCP values, with best reproducibility at VCPs>40
mm Hg. Repeated determination of cross-sectional area size increase and shape change due to VCP increase from 10 to
80 mm Hg yielded ICC values of 0.49 (95% CI, 0.19 to 1.00) and 0.09 (95% CI, 0.00 to 0.92), respectively. Maximum
and minimum diameters as well as cross-sectional area size increased significantly (P < .01) due to VCP increase during
both sessions. Cross-sectional area shape changed significantly (P < .01) due to VCP increase during both sessions.
Conclusions: Diameter measurements on B-mode images are largely observer independent. Superficial venous cross-
sectional area shape is noncircular, and cross-sectional area size depends on VCP. Both maximum and minimum venous
diameters should be determined at VCPs >40 mm Hg to attain the best reproducibility. Further studies are needed to
determine whether a standardized preoperative vein mapping protocol can reduce AVF nonmaturation rates. ( J Vasc
Surg 2006;44:353-8.)Duplex ultrasonography (DUS) is frequently used for
assessment of superficial arm veins before a hemodialysis
arteriovenous fistula (AVF) is created. At the present, how-
ever, there is no standardized preoperative imaging proto-
col. Considering the persistently high AVF failure rates, this
is alarming.1 Accurate determination of venous diameter is
important, because this parameter has been demonstrated
to correlate with long term AVF patency.2-6 Determination
of venous diameter is not straightforward because the su-
perficial venous cross-sectional area is pressure dependent
and noncircular in shape. This pressure dependence is
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Reported vein mapping protocols differ by venous con-
gestion method and the exact venous congestion pressure
(VCP) used. Also, the use of additional maneuvers such as
tapping, arm dangling, immersion in warm water, patient
movement, and positioning to enable measurement of
“true” or “maximum” venous diameter is inconsistent in
literature.7,8 Furthermore, there is no consensus on how
exactly venous diameter should be measured, that is, in
anterior-posterior or medial-to-lateral orientation. This is
important, because the superficial venous cross-sectional
area is not circular but elliptical in shape, even at higher
VCPs (65 mm Hg).7,8 The cross-sectional area eccentric-
ity can be expressed by the eccentricity ratio, which is
defined as the quotient of the maximum and minimum
diameters at a given location. At present, the relationship
between VCPs and reproducibility of diameter measure-
ments is unknown.
Another parameter used for preoperative prediction of
vascular access function is forearm superficial venous diam-
eter change over a range of different VCPs (ie, compli-
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gated the reproducibility of forearm superficial venous
compliance measurements.
The purpose of the current study was to assess the
reproducibility of B-mode image analysis and to assess the
reproducibility of repeated forearm superficial venous di-
ameter measurements on different days and at different
VCPs.
MATERIALS AND METHODS
Subjects and study design. Study participants were
10 healthy male volunteers with a mean age of 26 years
(range, 25 to 28 years) and a mean body mass index of 22.4
(range, 18.6 to 26.8). None of the subjects had a reported
history of previous intravenous accesses or indwelling cath-
eter use. To determine method reproducibility, all subjects
were assessed on days 1 and 14, at the same time of day, and
under standardized conditions. All B-mode images were
acquired by a single observer with 2 year’s experience in
superficial vein mapping. Before each session, the subjects
were instructed to fast and abstain from exercise, nicotine,
caffeine, and alcohol 12 hours preceding the examina-
tion. The local medical ethics committee approved the
study, and all subjects were required to sign informed
consent.
Experimental setup and assessment of venous
diameter. A transverse B-mode image of the cephalic vein,
5 cm proximal to the radial head, was acquired in each
subject by using an Ultramark ultrasound scanner with a 38
mm 10 MHz linear probe (HDI 9, ATL Inc, Bothel,
Wash). All measurements were performed between 8:15 AM
and 11:00 AM in a temperature-controlled room (range,
22°C to 24°C). Total session time was 25 minutes for
patient positioning and image acquisition.
Subjects were in the supine position with the arm next
to the body at heart level. After a 15-minute acclimatization
period, a proximal cuff for VCP application was inflated in
incremental steps of 10 mmHg, each lasting 1 minute, and
starting at 0 mm Hg. Maximum applied VCP was 80 mm
Hg. One minute after each incremental VCP step, a B-
mode image was recorded and stored in tagged image file
(TIF) format, resulting in nine images per subject per
session. Because resting intravenous pressure (at VCP  0
mm Hg) is known to vary, these data were not included in
the analysis.8
Systolic, diastolic, and mean upper-extremity arterial
blood pressures were recorded from the contralateral ex-
tremity (Dinamap Vital Signs Monitor 1846, Critikon Inc,
Tampa, Fla) to determine blood pressure differences be-
tween day 1 and 14.
Reproducibility of B-mode image analysis. Two
observers, blinded for VCPs and each other’s results, ana-
lyzed all B-mode images for each subject and each session in
random order. For determination of intraobserver varia-
tion, the first observer read the images again 2 weeks after
the first reading. To reduce recall bias in the evaluation,
image order was different than in the first reading.To determine venous cross-sectional area size and
shape, all B-mode images were loaded into Matlab 12.1
(The MathWorks Inc, Natick, Mass). Both observers
measured the maximum and minimum diameters in each
image. The cross-sectional area (CSA) was subsequently
calculated with the formula D1  D2  /4, where D1
and D2 are the maximum and minimum diameter, re-
spectively.
Reproducibility of repeated superficial venous
measurements. To determine intrasubject variation in ve-
nous diameters, and cross-sectional area shape and shape
changes between different days, maximum diameter, min-
imum diameter, and eccentricity ratios were calculated at
each incremental VCP. Subsequently, these parameters
were plotted as function of VCP values. Dynamic venous
characteristics (ie, percentage CSA size increase and eccen-
tricity ratios’ decrease due to VCP increase from 10 to 80
mm Hg) were determined for each subject on days 1 and
14, using the data obtained by observer 1.
Statistical analysis. All statistical analyses were per-
formed using the statistical software SPSS 11.0.1 (SPSS
Inc, Chicago, IL) for Windows (Microsoft, Redmond,
Wash) and STATA 8.0 (StataCorp LP, College Station,
Texas). A paired sample Student’s t test was used to deter-
mine differences in systolic, diastolic, and mean blood
pressures between imaging sessions.
To assess intra- and interobserver agreement of di-
ameter measurements using B-mode images, interclass
correlation coefficient (ICC) values were calculated on
subject level for the findings on day 1. In addition,
reproducibility of repeated maximum and minimum di-
ameter measurements as well as cross-sectional area in-
crease and decrease in eccentricity ratios between days 1
and 14 were also determined by calculating ICC values.
Confidence intervals (CIs) for ICC values were com-
puted using a bootstrap resampling technique with the
patient as the resampling cluster.9 ICC values range
between 0 and 1, with values approaching 1 indicating
stronger agreement among readers.
Differences in maximum and minimum diameters be-
tween VCP of 10 and 80 mmHg were assessed by a paired
samples t test. For all comparisons, the level of significance
was set to P  .05.
RESULTS
All measurements were acquired successfully. No sig-
nificant differences were found between sessions in con-
tralateral upper arm arterial systolic (120.2 8.6mmHg vs
117.3 9.4mmHg), diastolic (67.3 6.6mmHg vs 68.2
 4.8 mmHg), or mean arterial pressures (85.5 7.6 mm
Hg vs 84.2  6.4 mm Hg) (all P  .05).
Reproducibility of B-mode image analysis. B-mode
image interpretation was largely observer-independent.
ICC values of intra- and interobserver agreement for deter-
mination of maximum and minimum venous diameters on
B-mode images are listed in the Table.
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measurements. ICC values for repeated measurement of
maximum and minimum diameter and cross-sectional area
size improved with increased VCP values. ICC values and
95% CIs for repeated eccentricity ratio determination, in
contrast, initially improved until a VCP of 40 mm Hg, but
reproducibility deteriorated at VCP values 40 mm Hg.
ICC values at incremental VCP values for repeated deter-
mination of maximum and minimum diameters, cross-
sectional area and eccentricity ratio are shown in Fig 1.
Not surprisingly, increasing VCP led to larger maxi-
mum and minimum venous diameters, venous cross-
sectional area, and decreasing eccentricity ratios. A typical
example of a series of transverse B-mode images of the
cephalic vein at incremental VCPs is shown in Fig 2.
Maximum and minimum diameters both increased signifi-
cantly on days 1 and 14 (P  .01 for all) due to VCP
increase. The maximum diameter on day 1 increased from
3.5 0.9 mm to 4.3 1.2 mm and on day 14 from 3.4
0.5 mm to 4.2  1.0 mm. The minimum diameter on day
1 increased from 1.9  0.5 mm to 3.3  0.7 mm and on
day 14 from 1.8  0.5 mm to 3.2  0.6 mm. The
cross-sectional area also increased significantly (P  .01),
from 5.5 2.4 mm2 to 11.7 5.1 mm2 on day 1 and from
4.9 1.7mm2 to 10.9 4.4mm2 on day 14, due to a VCP
increase from 10 mm Hg to 80 mm Hg. The eccentricity
ratio decreased significantly (P .01) due to VCP increase,
from 1.9 0.3 to 1.3 0.1 on day 1 and 14: 1.9 0.5 to
1.3 0.2 on day 14. Variations in maximum andminimum
diameters, cross-sectional area, and the eccentricity ratio as
a function of VCP on days 1 and 14 are displayed in Fig 3.
Determination of cross-sectional area size increase and
eccentricity ratio decrease at VCP increase from 10mmHg
to 80 mmHg were poorly reproducible with ICC values of
0.49 (95% CI, 0.19 to 1.00) and 0.09 (95% CI, 0.00 to
0.92), respectively.
DISCUSSION
The determination of venous diameters on B-mode
ultrasonography images was found to be largely observer
independent. We further found that reproducibility of fore-
arm superficial venous diameter measurement improved at
higher VCPs. Surprisingly, the accuracy of eccentricity ratio
determination progressively increased to a VCP of 40 mm
Hg but declined again at higher VCPs.
We also found that forearm superficial venous maxi-
Table. Reproducibility of B-mode image analysis
Maximum
diameter
Minimum
diameter
Intraobserver agreement* 0.97 (0.94-0.99) 0.97 (0.96-0.99)
Interobserver agreement 0.95 (0.92-0.97) 0.96 (0.96-0.99)
Data are expressed as mean interclass correlation coefficient values and 95%
confidence intervals for intraobserver and interobserver agreement of B-
mode image diameter measurements on day 1.
*For observer 1.mum and minimum diameters and cross-sectional area sizeincreased significantly due to an increase in VCP. Interest-
ingly, forearm superficial venous shape remained elliptical
at VCPs of up to 80 mm Hg. Cross-sectional area size
increase and the eccentricity ratio decrease between 10 mm
Hg and 80 mm Hg were poorly reproducible. The most
likely reason for this finding is the poor reproducibility of
the cross-sectional area size and the eccentricity ratio at a
VCPs of 10 mm Hg.
Preoperative measurement of forearm superficial ve-
nous diameter is important, because this parameter has
been reported to correlate with risk of nonmaturation of
newly created AVFs.1,6,10 Vein diameters  1.6 to 2.5 mm
have been associated with AVF failure.2-5,11-13 Reported
cut-off diameters have been inconsistent, however, and the
exact cut-off diameter and the method of measurement
remain subjects of discussion, as evidenced by high early
failure and nonmaturation rates.1-6,10-13 The inconsistency
in reported cut-off diameters might be due to differences in
vein mapping protocols. Since the forearm superficial ve-
nous cross-sectional area remains elliptical, differences in
reported cut-off diameters might also be due to differences
in measurement orientation between research groups.
Our results demonstrate that venous diameters vary
substantially as a function of both the orientation at which
they are measured and the venous congestion pressure
used. Furthermore, patient positioning and the type of
venous congestion method used also have a significant
effect on superficial venous diameter and cross-sectional
area shape, as was demonstrated by van Bemmelen et al.7
Apart from variations in diameter arising from the use
of different congestion methods and patient positioning,
additional variation occurs over time. For instance, forearm
superficial venous diameter has been reported to vary up to
27% between different days when assessed under standard-
ized conditions and using a standardized vein-mapping
protocol (VCP, 60 mm Hg).14 Future reports on the
relation between forearm superficial venous diameter and
AVF maturation should therefore specify exact measure-
ment conditions and orientation.
De Groot et al15 determined the reproducibility of
cross-sectional area size increase due to VCP increase in
deep conduit veins in the calf by using B-mode imaging.
The authors found variation coefficients of 2% to 9% and
10% to 15% for the assessment of calf vein diameter and calf
vein diameter increase due to VCP increase, respectively. As
in the present study, measurement reproducibility im-
proved at higher VCPs.15
It is well known, however, that lower extremity veins
differ from upper extremity veins, but also that deep con-
duit veins differ from superficial veins in terms of anatomy,
histology, and function.8,16-18 Unlike calf veins, superficial
forearm veins have an important role in thermoregulation.
Furthermore, superficial forearm veins remain elliptical at
high VCPs in contrast to large conduit veins in the calf. The
consequence of an elliptical cross-sectional area shape is
increased venous resistance to blood flow compared with a
vein with a circular lumen and the same cross-sectional area
size.19-21 The elliptical cross-sectional area shape might
chniq
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whether differences in forearm superficial venous resistance
owing to differences in both cross-sectional area size and
shape will affect AVF maturation and function needs to be
assessed in future studies.
Superficial veins are highly compliant and are subject to
caliber changes in response to VCP changes and environ-
Fig 1. Graph illustrates the relation between venous
determination of maximum diameter (A), minimum dia
(D), respectively. Values represent mean interclass co
confidence intervals as determined with the bootstrap te
Fig 2. Example of a transverse B-mode depiction of
congestion pressures. Note the cross-sectional area increa
pressure range between 10 and 40 mm Hg.mental temperature fluctuations.8 In light of the findings inthe current study, we believe static morphologic parameters
only, such as diameter, and cross-sectional area size or
shape, only are inadequate to characterize forearm superfi-
cial veins. This is corroborated by Malovrh et al,3 who
reported that a low capacity of superficial veins to dilate due
to VCP increase is associated with an increased risk of AVF
nonmaturation (diameter increase: 12% in failed AVF
stion pressure (VCP) and reproducibility of repeated
(B), cross-sectional area size (C), and eccentricity ratio
ion coefficient (ICC) values and corresponding 95%
ue.
phalic vein cross-sectional area at incremental venous
e to venous congestion pressure increase is greatest in theconge
meter
rrelatthe ce
se dugroup vs 48% in success AVF group). In the current study,
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centricity ratio decrease due to VCP increase was poorly
reproducible. This poor reproducibility can be attributed to
the poor reproducibility of cross-sectional area size deter-
mination at low VCP values (10 mm Hg). An additional
explanation for the poor reproducibility of these dynamic
characteristics might be the vasomotion phenomenon (ie,
oscillatory changes in vessel diameters within minutes or
daily variation in vascular tone).22
The current study has some limitations. First, the sam-
ple size was relatively small, and only male volunteers were
included. Women were not included to avoid bias due to
differences in hormonal status between measurement ses-
sions, which potentially affects both static and dynamic
superficial venous characteristics. The inclusion of women
would most likely have lead to decreased measurement
reproducibility because of the menstrual cycle.8,23 Because
the volunteers were young healthy men and not end-stage
renal disease patients, the reported mean diameters would
likely have been smaller in the latter population.
Because localization of the vessel wall on B-mode im-
ages is subject to measurement errors, measurement of
small-caliber vessels is likely to result in poorer measure-
ment reproducibility compared with large-caliber vessels
Fig 3. Graph illustrates the relation between venous
minimum diameter (B), cross-sectional area (CSA) size (
and standard deviations for days 1 and 14.because the measurement error will be a larger fraction ofthe measured diameter. Ultrasound systems with a better
resolution might improve the reproducibility at low VCPs;
however, the biologic variation remains a major source of
error.
Another limitation is that we did not image patients
who were candidates for AVF placement. Measurement of
superficial venous compliance is likely to be less reproduc-
ible in end-stage renal disease patients compared with
young healthy male volunteers, because these patients are
known to have decreased venous compliance.24-26 A com-
prehensive vascular evaluation before vascular access cre-
ation should include both venous and arterial assessment.27
CONCLUSION
Diameter measurements on B-mode images are largely
observer independent. Superficial venous cross-sectional
area shape is noncircular, and cross-sectional area size de-
pends on the VCP. Both maximum and minimum venous
diameters should be determined at VCP 40 mm Hg
because of the much higher reproducibility. Further studies
are needed to determine whether a standardized preopera-
tive vein mapping protocol can reduce AVF nonmaturation
estion pressure (VCP) and maximum diameter (A),
nd eccentricity ratio (D). Values represent group meanscong
C), arate.
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